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INVESTIGATION OF POLYURETHANE ADHESIVES 
FOR USE IN THE APACHE AVIATOR NBC PROTECTIVE MASK 

1.        INTRODUCTION 

Adhesives have a long history of use in human artifacts. Studies by the Weizmann 
Institute of Science reveal that in the stone age, humans were putting organic 
compounds to use to join dissimilar materials together. As far as 8,000-years-ago 
Neolithic cavemen who lived in the area of the Dead Sea were producing a form of 
collagen glue, as an adhesive to hold together tools, utensils, and ceremonial artifacts 
that included decorated skulls.1 

Natural glues and resins derived from animal and plant sources were used extensively 
from antiquity up to the early 20th century. It is known that the ancient egyptians used 
collagen in its gelatinous form as the basis for the "carpenter's glue" to hold together 
furniture. 

With the advent of the industrial revolution and the establishment of a chemical process 
industry, adhesives began to be derived as adjuncts to a wide range of compounds 
derived from petrochemical sources. 

In the Apache Aviator Mask, Polyurethane is used as a material to bond polycarbonate 
lenses to a facepiece that is composed of a blend of natural and bromobutyl rubbers. 

There is probably no more versatile material for so many high-performance applications 
than polyurethane. With a molecular structure composed of four of the most common 
elements - carbon, hydrogen, oxygen, and nitrogen - polyurethane has a combination of 
properties which are not available in any other thermoplastic material including excellent 
resistance to ozone, weak bases, fuels and oils. 

Urethane was first introduced in 1849 by Germany's Wurtz and Hoffman, when they 
presented the chemical reaction between Isocyanate and Hydroxyl.2 

The precursors were initially limited to Diisocyanate and Polyester; however, the 
industry began looking for different Hydroxyl Polyols due to problems with 
processability, cost, foaming physical properties, etc. By 1957, various Polyether 
Polyols were being produced, offering not only cost effectiveness but also anti-foaming 
physical properties. Thereafter, the Urethane Industry was able to make leaping 
advances with the development of silicone surfactants. 

Polyurethanes are a class of extremely versatile polymers that are made into flexible 
and rigid foams, fibres, elastomers, and surface coatings. They are formed by reacting 
an isocyanate (a compound having the functional group NCO) with an alcohol (having 
the functional group OH). 

Polyurethane molecules can adopt a linear or a network architecture. Linear 
polyurethanes are formed by reacting a dialcohol with a diisocyanate, whereas network 



polyurethanes are formed from polyfunctional alcohols or isocyanates. Dialcohol 
monomers include ethylene glycol (HOCH2CH2OH); diethylene glycol 
(HOCH2CH2OCH2CH2OH); 1,4-butanediol (HOCH2CH2CH2CH2OH); 1,6-hexanediol 
(HO[CH2]6OH); alcohol-terminated polyethers such as polyethylene oxide and 
polypropylene oxide (see Aliphatic polyethers); and flexible, alcohol-terminated 
polyesters such as poly-1,4-butylene adipate: 

H-E-OCH2CH5CH-CH,OCCH,CH,CH,CH,C-fcOH 

The alcohol-terminated polyethers and polyesters are known as polyols. 

Isocyanates commonly used to prepare polyurethanes are toluene diisocyanate (TDI), 
methylene-4,4'-diphenyl diisocyanate (MDI), and a polymeric isocyanate (PMDI). These 
isocyanates have the following structures: 

CH N("Y") OCN NCO    OCN   Jf 3 NCO 

^Q(        +       N0)/ OCNH^-C^-^^-NCO    -ECH, 
CH3 

TDI MDI PMDI 

During the late 1930s Otto Bayer, manager of the IG Farben laboratories in Leverkusen, 
Ger., prepared many polyurethanes by condensation reaction of dihydric alcohols such 
as 1,4-butanediol with difunctional diisocyanates. A major breakthrough in the 
commercial application of polyurethane did not occur until 1941, when a trace of 
moisture reacted with isocyanate to produce carbon dioxide. The production of this gas 
resulted in many small empty areas, or cells, in the product (which was subsequently 
called "imitation Swiss cheese"). In 1953 Bayer and the Monsanto Chemical Company 
(now Monsanto Company) formed the Mobay Chemical Corporation to produce 
polyurethane in the United States.3 

Urethane is a product of Hydroxyl compounds such as Polyether Polyols and 
polymerized derivatives of Isocyanates. Urethane's unique chemical structure is the 
result of supplemental reactions between the Polyisocyanate and Polyol(activation 
hydrides). 

The external characteristics of the polyurethane end-products vary, resulting in diverse 
characteristics such as marshmallow-like softness to concrete-hardness, or rubber-like 
stretchability that allows the product to stretch to 10-times its size to materials that offer 
almost no change in form. Additionally, Urethane, as a comfort and convenience- 
providing material, is used in a wide range of applications in automobiles, electronics, 



furnishings, architecture, etc. because they offer unique qualities relative to other 
general high molecular compounds.4 

In the Apache Aviator Mask, polyurethane adhesives are critical materials for joining 
dissimilar materials together and providing chemically resistant, mechanically tough 
bonds and joints. In this study, two polyurethane adhesives cured at elevated and 
ambient temperature and with different surface preparations are compared. As a 
measure of the effectiveness of the adhesives, the bond rupture strengths were 
measured for the various rubber-polyurethane adhesive-polycarbonate plastic joints. 
The rupture strength data will serve as a basis for the substitution of adhesives in 
planned mask maintenance, upgrade, and repair operations where lens replacement 
will be required. 

2.        MATERIALS AND METHODS 

Test items consisting of one-inch diameter right circular cylindrical blocks of 
polycarbonate, stamped circular rubber coins and polyurethane adhesive were 
assembled. The polycarbonate substrates were machined from polycarbonate 1-inch 
diameter rod with a 1.5-inch stem (Figure 1) using ASTM 429 as a general guide to the 
configuration of test specimens. 

Once machined, the polycarbonate pieces were sanded with either with 80 or 100 grit 
aluminum oxide sand paper, and cleaned with isopropyl alcohol solution (99% by 
volume) to remove any residual polycarbonate dust or grit left on the surface from the 
sand paper. The surfaces were coated with LORD 7701 adhesion promotion solution 
(consisting of a mixture of ethyl acetate and alcohols), followed by drying for several 
minutes while resting on absorbent paper. The stamped rubber coins were also sanded 
with 80 or 100 grit sand paper, followed by cleaning with isopropyl alcohol solution and 
application of the LORD 7701 adhesion promoter. The individual components were then 
assembled in groups, which were differentiated by the use of either LORD 7500 
(Figure 2) adhesive or LORD 7540 adhesive. In any assembly the polycarbonate 
surfaces were all either 100 grit sanded or 80 grit sanded. Some rubber coins were not 
sanded to determine the impact of no rubber surface preparation on joint rupture 
strength. 

Lord 7500 adhesive is a two part adhesive consisting of a black, extraordinarily viscous 
polyol, which must be mixed with a cream colored isocyanate mixture in the proportion 
of 1 part by weight polyol to 1.7 parts isocyanate. The resulting mixture then appears a 
light gray color and depending on degree of mixing will sometimes display variegated 
strands of lighter and darker colors. Good mixing of the components results in a 
visually uniform color without dark and light striations. The useful life of this mixture is 
exceedingly short, on the order of 10 minutes or less. The reaction between polyol and 
isocyanate quickly proceeds to the point where it is impractical to apply the adhesive 
since it becomes extraordinarily viscous and too difficult to apply. 
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Lord 7540 adhesive is also a two part polyurethane system, however it is manufactured 
in pre-measured applicator tubes, which are designed for use in a glue gun. A static 
mixing element is attached to the outlet of the cartridge to blend the two components. 
In this application the ratio of components appears to be 1 to 1 as both preloaded tubes 
are of equal diameter. The 7540 adhesive, when well mixed, is also a light gray color. 

Approximately 0.1 cubic centimeter of adhesive is applied to each face of the 
polycarbonate and then spread between the two-polycarbonate mating surfaces. 
Once both surfaces were covered with the adhesive the prepared rubber coins were 
inserted between the polycarbonate cylinders, compressed together by hand, excess 
adhesive removed and the joined components set in a 1 inch inner diameter plastic tube 
which acted as a jig to keep the parts from slipping apart or sliding out of alignment 
during curing. Ten Specimens prepared with 7500 adhesive were then cured in a 
63 degrees Celsius convection oven for 24 hours. Ten assemblies prepared with 7540 
adhesive were also cured in the convection oven at 63 degrees Celsius for 24 hours. 
All the remaining assemblies were allowed to cure for a minimum of 48 hours at room 
temperature. 

3.        RESULTS 

The following rupture load results were obtained when the test specimens were placed 
under tensile stress in the Instron apparatus (Figure 3). 

Figure 3. Rubber Delamination: Specimen in Instron Machine 
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4.        CONCLUSIONS 

One-inch diameter right circular cylindrical Polycarbonate-Rubber joints can be 
effectively bonded with polyurethane adhesives. Preparation of the polycarbonate 
surface includes sanding with 100 or 80 grit aluminum oxide sand paper, cleaning and 
removal of grit and abraded polycarbonate with commercially available over-the-counter 
isopropyl alcohol followed by treatment with an ethyl acetate-based adhesion promoter 
such as Lord Product 7701. Rubber surfaces can also be pretreated with 100 or 80 grit 
papers or no sanding as long as adhesion promoter is applied to the rubber prior to 
application of uncured polyurethane adhesive. 

The measurements show that joints of rubber and polycarbonate bonded with Lord 
Polyurethane Adhesive 7500 fail under loads that are approximately equivalent to the 
loads (Figure 4), which cause failure in rubber-polycarbonate joints bonded with Lord 
Adhesive 7540, as long as the surface preparations and curing regimes are equivalent. 
Curing the specimens at 63 degrees Celsius for a period of 18 to 24 hours appears to 
strengthen the bonds. Surface treatment and abrasion of the rubber in specimens cured 
at elevated temperature seems to improve the bond strength, but only minimally from 
3% to 6%. 

Surface treatment of rubber seems to have a stronger effect on improving bond strength 
in specimens that are not subjected to elevated temperature curing and are allowed to 
cure under ambient conditions for several days. The average increase in bond strength 
for surface treated and abraded rubber in ambient cured specimens ranges from 38% to 
58%. The overall bond strength of ambient cured (20 degrees Celsius) specimens 
irrespective of surface treatment is significantly less than those cured at 63 degrees 
Celsius, on the order of 38% weaker than oven cured samples (Figure 5). 

The following table summarizes the results obtained: 

Rubber Predominant 
Surface Cure Joint Failure Stress applied 

Adhesive Preparation Condition Mode 
Rubber cleanly delaminates from 

at joint failure Range 

7540 None Ambient 
Ambient 

adhesive with little rubber tearing 
Rubber delaminates from adhesive with 

146psi +/-18% 

7500 80 Grit Small areas of Rubber Tearing 174psi +/-26% 
7500 None Ambient Rubber delaminates from adhesive 182psi +/-9% 
7540 100 grit Ambient Rubber delaminates from adhesive 217psi +/-11% 
7540 80 Grit Ambient Rubber delaminates from adhesive 231 psi +/-15% 
7500 100 grit Ambient Rubber delaminates from adhesive 249psi +/-11% 

7540 None 63C Cure Large area of rubber tearing 315psi +/-14% 
7500 None 63C Cure Rubber tearing 333psi +/-12% 

7540 100 grit 63C Cure Adhesive tearing from polycarbonate 333psi +/-20% 

7500 100 grit 63C Cure Rubber tearing 343psi +/-8% 
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